Abstract: China has experienced fast industrialization and long-lasting economic growth since the end of the 1970's. However, the manufacturing sector is not evenly distributed over the Chinese territory, which resulted in an unequal economic development across regions. The aim of this paper is to measure if Kaldor's engine of growth hypothesis holds true in the case of the Chinese regions over 1996-2006. We believe this is an appropriate model for this country given that manufacturing still represents around half of the Chinese GDP. In order to obtain more reliable results, our approach pays attention to the endogeneity of our explanatory variables, heteroscedasticity and spillovers effects across regional economies by means of spatial econometric techniques and the spatial heteroscedasticity and autocorrelation consistent estimator.
Introduction
China's long-lasting economic growth since the country's opening in the late 1980's has attracted a lot of attention among researchers. While Solow's neoclassical growth model has often been used to measure and identify the sources of per capita income growth across Chinese provinces (see Qian and Smyth, 2006; Chow, 1993; Chow and Li, 2002 , among others), we believe that this approach is inappropriate for its lack of consideration for the geographic location and the presence of increasing returns to scale that give Eastern provinces a competitive advantage over the rest of the country. Eastern provinces' access to the sea guarantees their capacity to trade easily with the rest of the world and their greater than average growth in population, capita income and FDI reflect localized agglomeration economies there (Kaldor, 1970; Krugman, 1991; Glaeser et al., 1992) . For instance, the average growth rate of the East was 9.4%, 6.7% in the Central area and 8.0% in the West over 1985-1991 (8.3% for the country as a whole, Hansen and Zhang, 1996) . In addition, the government's efforts since 1978 have focused on developing this part of the country first (Gallup et al., 1999; Guo, 2005) .
In this context, the Kaldorian approach, which is directly implied by the endogenous growth theory and thus relies on increasing, not constant as in the necoclassical framework, returns to scale, seems more appropriate to uncover the dynamics of regional growth in China (Kaldor, 1966) . The second advantage of Kaldor's laws is their emphasis on the manufacturing sector. In China, manufacturing still represents around half of the country's GDP and 14% of its labor force (NBS, 2008) . This may result from the government's development strategy that has focused on this sector since 1978. As Lin et al. (2003) mention, this policy allowed the country to take advantage of its large labor force. With the gradual abolition of the institutional factors that impeded labor mobility until the 1980s, China's productivity grew by moving labor from low-productivity sectors in rural areas to highproductivity ones in urban areas. According to Fang et al. (2009) , the significant rural-urban income disparities that resulted from the productivity gap reinforced migration to urban and more developed areas. In addition, the 1979 "open door policy" allowed the country to attract many foreign direct investments and promote exports (Lin et al., 2003) . As a result, the Chinese manufacturing sector has reached an impressive average annual growth rate of 24% over 1996-2006, i .e. more than 5 percentage points higher than the country' GDP growth rate (NBS, 2008) .
While the empirical estimation of Kaldor's laws at the national level has been fairly popular in the past (see, for instance, Parikii, 1978; McCombie, 1983; Thirwall, 1983; Bairam, 1991; Atesoglu, 1993; McCombie and Thirwall, 1994; Necmi, 1999 ), estimations at the regional level are less numerous, mostly because of data constraints. Exceptions include McCombie and de Ridder (1984) and Bernat (1996) for the US states, Casetti and Tanaka (1992) for the Japanese regions, León-Ledesma (1999 for the Spanish regions, Harris and Lau (1998) for the UK regions, while several authors worked on the EU regions (Fingleton and McCombie, 1998; PonsNovell and Viladecans-Marsal, 1999; Fingleton, 2004; . When it comes to the case of China, Hansen and Zhang (1996) employed a pooled dataset of 28 regions over 1985 , while Jeon (2006 used both time series and panel data on 24 regions over . Both studies find significant increasing returns to scale. However, they only estimate the unconditional form of the laws, i.e. they do not include any of the additional explanatory variables nor the spatial effects we will focus on in our estimations.
In this paper, we first propose to extend the traditional estimations of Kaldor's laws by paying attention to total factor productivity as opposed to labor productivity only. This allows us to account for the role of efficiency change and technological change on regional growth, to avoid imposing a priori restrictions on the inputs elasticities and to relax the assumption of similar production functions across regions. For instance, Shiu and Heshmati (2006) find that the latter component does not hold in the case of China as they find a standard deviation of labor elasticities across provinces of 0.07 over [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] . Second, we also extend the usual absolute Kaldor's laws by introducing some variables capturing the regional levels of technology diffusion, human capital, per capita foreign direct investments, per capita regional development spending, accessibility and density as the regional science literature give them an important role on dynamic agglomeration economies and thus localized increasing returns (Fujita and Thisse, 2002) . By adding them to our specification, we can measure their individual impact on local productivity growth. The same approach has been used by Angeriz et al. (2008) for the EU regions. Finally, from an econometric viewpoint, we propose three contributions. The first one consists in adopting a spatial econometric approach that allows us to account for the geographic location as well as the presence of interregional spatial externalities at the origin of increasing returns to scale (Fujita and Thisse, 2002; Baldwin and Martin, 2004) . While some studies have already used this technique on the regional economies of China (Coughlin and Segev, 1999; Sandberg, 2002; Ying, 2004) , none of them has focused on an estimation of the Kaldorian framework (or one of its subset, i.e. the Verdoorn's law). Second, in the absence of a large number of observations (China has 31 provinces/metropolitans), we cannot model the presence of heterogeneity (East-West pattern) in the form of spatial regimes and/or groupwise heteroskedasticity as is usually done in the spatial econometric literature (see Dall'erba and Le Gallo, 2008 , for an example on the EU regions). Therefore, we use the SHAC (spatial heteroscedasticity and autocorrelation consistent) estimator developed by Kelejian and Prucha (2007) that allows the disturbance process to account for unknown forms of correlation and heteroskedasticity across our units of observation. To our knowledge, only Dettori et al. (2009) have used it for an estimation of regional TFP. Finally, with the exception of Angeriz et al. (2008) and Dettori et al. (2009) , the problem of endogeneity has not been treated appropriately in the estimation of Kaldor's laws. This problem, raised as early as 1983 by Thirlwall (1983) in the context of these laws, comes from the fact that the growth rate of GDP and the growth rate of manufacturing output are intrinsically linked with each other. If not treated accordingly, endogeneity leads to biased estimates. As a result, we will use the 3-group method developed by Kennedy (1992) and first applied in a spatial context by Fingleton (2003) to build appropriate instruments and test for remaining endogeneity.
Therefore this paper intends to fill these gaps by measuring the role of manufacturing in the growth process of 31 Chinese regions over 1978-2004 and by paying specific attention to the presence of spatial dependence between regions. This paper is structured as follows. The next section provides a brief description of China's regional economic development process. Section 3 reviews the Kaldor's laws. Section 4 describes the data and tests for the presence of spatial dependence in the variables of interest in Kaldor's laws. While section 5 starts with the estimation of Kaldorian laws by OLS, it continues with a more sophisticated approach that includes additional variables and takes into account endogeneity, heteroscedasticity and spatial effects across observations using spatial econometrics and the SHAC estimator of Kelejian and Prucha (2007) . Finally, section 6 concludes.
China's regional economic development process
Following the example of other developing countries, China gave priority to the manufacturing sector throughout the development phase which started in 1949; long before the country opened its economy in 1978. According to Lin et al. (2003) , the Chinese development strategy followed two phases: before 1978, the country experienced a comparative advantage-defying (CAD) strategy, which encouraged firms to deviate from the economy's existing comparative advantages when they entered into an industry or chose a technology. The CAD-strategy was designed to develop heavy-industry for political and strategic security considerations, even though the capital necessary for heavy industry was scarce. Therefore, this CAD-strategy resulted in low economic growth, distorted economic structure and low efficiency. However, in 1978, China started to implement a series of policies transforming the country from a central planning system to a market-oriented system, which provided the necessary macroeconomic environment to allow enterprises to perform according to the principles of a market economy (the comparative advantage-following, or CAF, strategy). Because of its choice of focusing on manufacturing to promote growth, China encouraged firms to specialize in labor-intensive activities, which can be found in light industries rather than heavy industries. Besides, following the series of reforms successfully experienced in the agricultural sector, the manufacturing sector also experienced some reforms such as a decentralization of the fiscal system, price deregulation, and exports subsidies. This resulted in a 7.5% increase of manufacturing production per year between 1979 and 1982 (McMillan et al., 1989 Lin, 1992; Wen, 1993; Huang and Rozelle, 1994; Fan, 1997) . From 1978 to 2004, the annual average growth rate of manufacturing was more than 2 percentage points higher than the overall growth rate of GDP. In addition, China implemented in 1979 the "open door policy" to absorb foreign direct investments (FDI) and promote the growth of manufacturing. FDI jumped from virtually zero in 1979 to an amount of US $193.73 billion in 2006 . Based on the experience of the four Asian "tiger" regions/countries, FDI in China started in the coastal regions of four cities in Guangdong and Fujian Provinces 1 . The specifics of FDI policies of each city varied but all aimed at getting more foreign-invested firms to set up enterprises in China 2 . In 1984, the strategy enlarged to 14 coastal cities/regions, including Hainan Province. Later in the early 1985, three zones opened to FDI: the Yangtze River delta, the Pearl River delta, and the ZhangzhouQuanzhou-Xiamen region. The legislation on FDI became more open in 1986. Some policies were implanted to give more freedom of operations to the Foreign Investment Entreprises (FIEs) and granted more tax incentives to attract foreign investments. In the meantime, local governments were also given more authority to review the applications of foreign investors. Another surge of FDI took place in 1992 after all the Chinese regions were allowed to open-up for FDI. Today, 90% of them are concentrated in the southern and coastal regions, and mainly in the manufacturing sector (more than 50% of them) 3 . This led to a faster growth of the manufacturing sector in those areas than in the rest of China. The contribution of FDI to economic growth in China has attracted a lot of attention. From a theoretical viewpoint, it is widely agreed that FDI improve the productivity of the host country through the provision of better access to technologies and spillover. (Borensztein and De Gregeorio, 1998; Markusen and Venables, 1999) . However, from an empirical point of view, finding robust evidence supporting their existence is not as straightforward. On the one hand, Bao et al. (2002) and Démurger (2000) find that FDI are an effective channel for technology transfer that mainly benefited the Chinese eastern provinces. On the other hand, Shiu and Heshmati (2006) , Yeung and Mok (2002) and Ng (2006) find a negative impact of FDI on GDP or TFP growth, while Ying (2004) and Zhang (2002) do not find any significant impact. The latter study concludes that the contribution of FDI to China's technological progress through technology transfer is still not noticeable. The literature review by Görg and Greenaway (2002) indicates that the evidence of FDI generating positive spillover effects in the host country is sometimes weak and negative. This is because the reallocation of resources from domestic to multinational firms might be initially ineffective in productivity terms, as suggested by Aitken and Harrison (1999) and Konings (2001) . This is not inconsistent with the idea that competition improves productivity through positive spillovers since some firms may be affected by the latter while others are affected by the previous effect. Another element that shapes the final outcome is the capacity of the domestic firm to absorb the knowledge available from the multinational one. Domestic firms using very backward production technology and low skilled workers may be unable to learn from multinationals (Kokko et al., 1996; Hale and Long, 2006) . Because of the differences in the expected outcomes at the firm level, Görg and Greenaway (2002) suggest that studies at the aggregate level may underestimate the true significance of FDI effects. They also add that the time lag used in a study affects the sign of the relationship (Ng, 2006 , find an optimal lag of three years for FDI to impact TFP growth) and that multinationals may want to guard their firm specific advantages closely to prevent leakages to domestic firms, therefore no spillover takes place. Noticing the increasing gap between the East and the West of the country, the Chinese government put forward some regional policies targeted to inland regions, such as the Western Development and the "Three Along" strategy, at the end of the 20 th century (Liu, 2009; Zha, 1992) . Under the current regional development plan, the middle part of the country should see its energy and raw material industries develop while the focus in the western part is on agriculture, forestry, animal husbandry and transportation. However, the current support for the hinterland and the West has nothing to do with the huge inflow of investments that took place before 1978. Because economic efficiency is still the primary goal of the government, support for economic growth in the East has not stopped and territorial imbalances are likely to widen according to Zha (1992) . Therefore, uncovering the provincial economic dynamics in the frame of Kaldor's laws is the topic of the next sections.
Basic and extended Kaldor's laws

Review of the basic Kaldor's laws
Kaldor's laws were put forward by Kaldor in 1966 and 1967 . Based on an econometric analysis of the output, productivity and employment growth rates of 12 OECD countries over the 50's and 60's, Kaldor states that the manufacturing sector is the main engine of growth. In fact, Kaldor's ideas were influenced by Young (1928) who emphasized the overall macroeconomic spillover effect of promoting the manufacturing sector. Kaldor also ascribes the concept of dynamic economies of scale to Arrow's idea of "learning by doing" (1962) , which claims that a greater manufacturing output growth rate leads to a greater productivity growth rate in this sector. Other sectors are not assumed to display economies of scale according to him, maybe because services were not as developed as they currently are.
More precisely, the first of Kaldor's laws states that the growth rate of GDP is positively related to the growth rate of the output of the manufacturing sector (equation 1). Note that in his setting, it is the expansion of manufacturing sector that creates GDP growth. As such, the first law is usually called "the engine of growth hypothesis":
with 2 0 a > where € q GDP is the growth rate of GDP and € q m is the growth rate of manufacturing output.
The second law, also called Verdoorn's law 4 , states that the manufacturing labor productivity growth rate is positively related to the growth rate of the manufacturing output. Traditionally, the Verdoorn's law has been estimated as a linear relationship between the exponential growth rate of labor productivity ( (Gomulka, 1983; McCombie and de Ridder, 1984; Fingleton and McCombie, 1998; Pieper, 2003) . It implies that one percentage of growth in output will induce 0.5 percentage increase in productivity growth or, the other way around, a one percentage point in productivity growth induces a 2 percentage point increase in output growth. Verdoorn's law implies the presence of increasing returns to scale in the sense that the technical change is endogenously induced by the output growth (Fingleton and McCombie, 1998) . Note that Kaldor noticed the endogeneity problem that comes from the definition of labor productivity (equation 2). Indeed, since m p is equal to m m q e − (where € e m is the growth rate of labor employment in the manufacturing sector), m q appears on both sides of the equation. The third law states that growth in manufacturing output leads to growth in overall productivity in an economy, which is measured as a positive relationship between labor productivity growth of all productive sectors and manufacturing output growth (equation 4).
where p is the aggregate productivity growth. According to Cripps and Tarling (1973) , an alternative way to express the third law is:
where m e is the growth rate of manufacturing employment. The idea underlying equation (4) is that of a wage differential between high productivity sectors (the manufacturing sector) and low productivity sectors (agriculture). The transferring of labor from the agricultural sector to the manufacturing sector is not assumed to decrease output in agriculture, but should increase the manufacturing productivity because of an increase in output in this sector and "learning by doing" effects. Productivity in non-manufacturing sectors also increases because of the labor absorbed by the manufacturing sector (Kaldor, 1968; Cripps and Tarling, 1973; Thirlwall 1983; Drakopoulos and Theodossiou, 1991) . Thirlwall (1983) highlighted that testing the direct relationship between labor transfer and productivity growth of an economy may be problematic because of difficulties in measuring productivity growth in many activities other than manufacturing. Therefore, Cripps and Tarling (1973) , Thirlwall (1983) , and Atesoglu (1993) suggest a regression between the growth of GDP and the growth of employment in manufacturing and non-manufacturing sectors as a way of testing the third law (equation 5):
where m e is the growth rate of manufacturing employment and nm e is the growth rate of non-manufacturing employment.
Extended versions of Kaldor's laws
We propose three extensions compared to the traditional models of Kaldor's laws. The first one proposes to pay attention to total factor productivity while the second one introduces some variables rarely added, but theoretically relevant, to a Kaldorian framework. The third extension, which consists in modeling interregional spillover effects, will be developed in the next section.
The original Kaldor's laws have been designed to test the relationship between manufacturing labor productivity growth and manufacturing output growth. However, increasing evidence at the international (Easterly and Levine, 2001 ) and regional level (Shiu and Heshmati, 2006; Angeriz et al., 2008; Dettori et al., 2009) shows that differences in growth rates are mostly explained by total factor productivity, which accounts for efficiency change and technological change, rather than the accumulation of the traditional factors of production. As a result, we will analyze in subsequent sections both the standard Verdoorn's law and also one based on total factor productivity. This variable is not directly observable, therefore it must be calculated. As is often done in the literature, we use a standard growth accounting methodology to generate the regional values of total factor productivity (TFP), where the production function
varies across regions and where the righthand-side variables are respectively the (log of) the growth rate of output, of capital and of labor for each region i. α represents the elasticity of output to capital, β the one of output to labor. Under the assumption of constant returns to scale, α equals (1-β ) and is calculated as the capital's share of total output. They are assumed to differ across regions and over time, but not their sum (see Angeriz et al., 2008, Because the assumption of constant returns to scale may be too restrictive in the case of the Chinese provinces, we also consider α and β under the assumption of increasing returns to scale. In this case, both coefficients need to be estimated. They differ by region but are constant over our time period. We performed an OLS estimation of the model ,
+ where α and β are coefficients to estimate, where TFP is the residual (Solow, 1957; Abramovitz, 1956) , and for which we have data for every single years over 1995-2007 in order to increase our number of degrees of freedom.
The second extension consists in following the approach of Fingleton (2001) who assumes that the regional growth rate depends on several additional explanatory variables measured at the initial level to guarantee their exogeneity:
a) The initial technological gap is measured as the difference between a region's TFP level in manufacturing and the one of the leading technology region (G). Two different types of initial technology gaps have been measured, one based on the assumption of constant returns to scale, where
, and one based on the assumption of increasing returns to scale where
In the first case, the coastal province of Zhejiang is the technology leader. Under the assumption of increasing returns to scale, where α and β have been estimated econometrically, the leading region is Hebei, also a coastal province. We expect a positive effect of the technology gap on productivity as the backward regions are more likely to adopt new technologies, because of lower switching or adoption costs, which result in larger net benefit (Abramovitz, 1986; Leon-Ledesma, 2002) .
b) The stock of human capital in the region (HK). As often depicted in the endogenous growth theory (Romer, 1986; Lucas, 1988) , the expectation here is that human capital positively affects technological progress.
c) The level of accessibility (acc) is assumed to be positively correlated with productivity growth. Indeed, Aschauer (1989) and Barro (1990) predict that if public (transportation) infrastructures are an input in the production function, then new public infrastructures increase the marginal product of private capital, fostering capital accumulation and growth. d) Density (d) reflects the fact that human capital tends to agglomerate in cities and thus leads to greater productivity. The fact that denser regions are also more productive regions has been verified on the US states by Ciccone and Hall (1996) and on the European regions by Ciccone (2002) . e) The per capita level of foreign direct investments (FDI). As mentioned in section 2, the literature offers conflicting predictions on the role of FDIs on local productivity. On the one hand, Romer (1993) and Blomström (1986) finds that foreign firms facilitate the technology transfer and spillovers to local firms while, on the other hand, Aitken and Harrison (1999) do not find any evidence of a positive technology spillover from foreign firms to domestically owned ones.
f) The per capita level of regional development spendings (gov) are the sum of several elements: capital construction, funds and loans for the technical updates of enterprises, expenditure for simple construction, expenses for science and technology, expenditure for operating expenses of the department of Industry & Transportation, of the department of Commerce, of the department of Culture, Education and Health Care, of the department of Sciences, and expenses to support under-developed Areas. Endogenous growth theory grants public policies an important and positive role in the determination of growth rates in the long run, therefore we expect a positive impact of government expenses on growth and productivity. Finally, we also include the spatial lag ( GDP Wq or m Wp ) to capture the fact that the growth rate of GDP or of manufacturing productivity in one region depends, to some extent, on the growth rate of the same variable in neighboring regions. In fact, as showed by Fingleton (2001) , the spatial lag version of Kaldor's extended first law is obtained from a theoretical model with assumptions that underpin the endogenous growth theory and the New Economic Geography theory. The starting point is a Cobb-Douglas production function determining the level of output in the manufacturing sector. He assumes that the growth rate of technical progress in one region is a function of capital accumulation and technical change taking place in all the other regions, but that their impact decreases with distance. According to Fingleton (2001) , under certain assumptions, the spatial lag form of the Verdoorn's law equals the AK model of the endogenous growth school of thought (Aghion and Howitt, 1998) . For our case, further details on the definition of the spatial weights matrix and the implications of spatial dependence for our models will be provided in section 4. With the addition of the variables above, the three Kaldorian laws become: (6) (6) to (8) describe specifications in which regional (productivity) growth is positively associated with the diffusion of technology from more advanced (more urbanized and more accessible) regions to less developed regions.
Data and ESDA
Data
The majority of the data used for this study come from the annual editions of China Statistical Yearbook (from NBS 1996 to NBS 2008 . We exclude the regions of Hong Kong, Macao and Taiwan of our sample because of data incompatibility, so that we work on a sample of 31 regions. Note also that the province of Hannan and the municipality of Chongqing, which separated from the provinces of Guangdong (in 1985) and Sichuan (in 1999) respectively, are treated as separated regions. We subtracted the values of Chongqing from those of Sichuan in 1995 and 1996 based on the 1997 ratio of the corresponding variables between both provinces. Our dataset covers the 1996-2006 period but all the data are measured on a smoothing average of the initial period (1995 to 1997) and the final one (2005) (2006) (2007) so that our results are less sensitive to a sudden change in the value of our variables of interest. All the data are expressed in 2000 Yuan.
In order to compute the manufacturing total factor productivity and its growth, the yearly data on capital stock are the "annual average balance of net value of fixed assets" in the manufacturing sector. The net value gives us directly the value of capital stocks at the time considered, i.e. its depreciation since its creation/purchased has already been accounted for. This variable does not exist at the aggregate level. This is why many previous contributions have relied on "Gross fixed capital formation" and the perpetual inventory method to calculate capital stocks at the aggregate level. However, as noted by Zhang (2008) , there is no homogeneity in the capital stocks calculated in the literature as the depreciation rates used go from 4% to 9.6% in the case of the Chinese provinces. Our approach at the sectoral level allows us to avoid this type of assumptions.
Human capital is measured as the average number of college and university students per inhabitants over the period. Accessibility is measured as the product of the average length of highways and railways over the period divided by the regional area. Density is, as usual, the ratio between population and the regional area; FDI and government expenses are in per capita terms, and the calculation of the technology gap has been explained above. All these variables are measured at the initial period (average of the three first years) to guarantee their exogeneity.
Including space
Compared to some previous estimations of Kaldor's laws, this article takes into account the possibility of spillover effects among regions during the growth process, as in Bernat (1996) , Fingleton and McCombie (1998) , Pons-Novell and Viladecans-Marsal (1999), López-Bazo (2003, 2006) or . As mentioned earlier, taking into account the influence of spatial location in our framework means that the effect of both spatial heterogeneity and spatial dependence needs to be accounted in the regional growth process. We take both effects into account by using a spatial lag model with Kelejian and Prucha's (2007) non-parametric heteroscedasticity and autocorrelation consistent estimator of the variance-covariance matrix in a spatial context (SHAC). Because of an obvious lack of degrees of freedom, it is not possible here to estimate models with multiple regimes, as is commonly done in the spatial econometric literature (see Dall'erba and Le Gallo, 2008 , for instance).
Are these spatial effects relevant in the Chinese regional case? Figure 1 below clearly indicates that the regions around Beijing as well as Guangdong (in the South), Qinghai and Xizang (Tibet) (in the South-West) display a higher growth rate of GDP than the rest of the country. This implies potential spatial autocorrelation among the provinces surrounding Beijing and among the other provinces. The pattern may also indicate the presence of spatial heterogeneity because the Beijing and its neighbors perform better than the rest of the country. This distribution is a bit different for manufacturing output growth as most of the peripheral regions (whether on the coast or bordering foreign countries) display the highest growth levels while the central regions don't seem to perform as well (Figure 2 ).
<<Insert figures 1 and 2 here>>
Testing the presence of spatial autocorrelation is often conducted by computing Moran's I statistics (Cliff and Ord, 1981; Anselin, 1988) . However, a spatial weights matrix must be chosen first. In this study, we construct different weights matrices based on geographical distance 5 . The spatial weights matrix Queen represents Queen contiguity, K4 is the 4-nearest neighbors matrix, while D(950) is the great-circle distance with a cut-off of 950 miles, above which the interactions are assumed to be negligible.
The values of Moran's I for seven variables, namely the growth rate of regional GDP, of manufacturing output, manufacturing labor productivity, TFP (with constant and increasing returns), manufacturing employment and non-manufacturing employment, are reported in Table 1 . They indicate a positive and significant (at 5%) spatial autocorrelation for only four of our variables: labor productivity growth (with K4 only), TFP growth with constant returns (with K4 only), manufacturing employment growth (with all matrices) and non-manufacturing employment growth rate (with queen and K4). Therefore, the pattern of regional economic growth in China is not totally random, more especially when it comes to employment growth. In other words, regions with similar characteristics tend to be spatially clustered 6 .
<<Insert Table 1 here>>
Traditionally, the choice of the appropriate form of spatial dependence (spatial lag or spatial error model) depends on the results of a classical "specific to general" search approach outlined in Anselin and Florax (1995) using tests described in Anselin et al. (1996) . We decided not to adopt this strategy here for two reasons. First, as we have argued above, the spatial lag model can be theoretically founded, following Fingleton (2000 Fingleton ( , 2001 . Second, the properties of the "specific to general" approach are unknown in the presence of endogeneity of some variables, which is the case here as we show below. In addition, the LM tests of this approach are maximumlikelihood based tests, whereas we use IV estimation methods in this paper (see section 5.2).
Accordingly, we use a spatial lag model, as specified in models (6) to (8). Moreover, we take into account the fact that the residual terms of models (6) to (8) may contain unmodelled factors. One strategy for dealing with this unmodelled residual organization would be to specify a parametric error process such as a spatial autoregressive error process or a spatial moving average process (Fingleton and Le Gallo, 2008) . However, the properties of the estimators obtained would be affected if the error process is misspecified. An alternative strategy consists in using nonparametric consistent SHAC, Spatial Heteroscedasticity and Autocorrelation Estimation, since it allows for unknown forms of correlation and heteroskedasticity across the units of observation, as suggested by Kelejian and Prucha (2007) . They derive a robust estimation of the variance-covariance matrix in the presence of unknown forms of correlation and heteroskedasticity of the error terms of a general 5 This is the most traditional way to build a weights matrix but others have used travel time by road between geographical units (Dall'erba, 2005 ) and interregional economic relationship based inputoutput tables (Nazara, 2004) . 6 It is true that the Moran's I statistic is negative and significant for employment growth and the matrix D(950), indicating that neighboring regions experience opposite characteristics than their neighbors. We decide not to give too much attention to this result considering that the other two matrices lead us in the other direction. model including right-hand-side exogenous and endogenous variables and show that this estimator performs well in a variety of situations 7 .
Empirical analysis
We start this section with a basic OLS-SHAC estimation without considering the spatial lag component of equations (6), (7) and (8) displayed above. We use the results as a benchmark for comparison with estimation results that include the spatial lag variable and the potential presence of endogeneity on the right hand side.
OLS-SHAC estimations
We start with the OLS results of Kaldor's laws, as displayed in Table 2 . Because inference on parameters can be affected by unknown forms of heteroscedasticity and spatial correlation between spatial units, we use the SHAC estimator. Specifically, Kelejian and Prucha (2007) assume that the ( 1) N × disturbance vectors ε of equations (6) to (8) are generated as follows:
, where R is an ( ) N N × non-stochastic matrix whose elements are not known. This disturbance process allows for general patterns of correlation and heteroscedasticity. The asymptotic distribution of the corresponding OLS estimators imply the variancecovariance matrix
denotes the variance-covariance matrix of ε . Kelejian and Prucha (2007) show that the SHAC estimator for its (r, s) th element is:
where ir x is the i th element of the r th explanatory variable; ˆi ε is the i th element of the OLS residual vector; ij d is the distance between unit i and unit j; n d is the bandwith and K(.) is the Kernel function with the usual properties. Here, we have used the Parzen kernel, with a bandwidth set to the first decile, the first quantile and the median of the distance distribution. The results obtained are quite robust to the choice of bandwidth. We present in Table 2 those obtained with the median 8 .
<<Insert Table 2 here>> The results confirm the three Kaldorian laws. In the first law, estimation results indicate that a one percentage point increase above the sample mean in the manufacturing output growth results in around 0.65 percentage point increase in GDP growth. In the second law, the coefficient on the level of increasing returns is 0.450 and 0.375 when we focus on the growth of manufacturing total factor productivity (under the assumption of constant returns) or only labor productivity. This is below the usual level of 0.5, which has been found in several studies measuring the Verdoorn's law (McCombie and Roberts, 2007; Angeriz et al., 2008; McCombie et al., 2002 ). Kaldor's third law is supported also since employment growth in the manufacturing sector positively and significantly impacts GDP growth and the one on employment growth in the non-manufacturing sector is, as the theory predicts, significant (at 8%) and negative. The gap has a significant and negative effect on GDP growth in the third law and labor productivity growth in the second law. These results reflect the absence of catching-up in the regions with a low initial level of productivity. This may explain the increase in regional inequalities experienced in China. However, we note that this coefficient is positive and significant for TFP growth with increasing returns in the second law. It may be that the presence of spillover effects in this sector rather than in non-manufacturing sector allowed places with low initial levels of technology to catch-up. Human capital also significantly and positively affects labor productivity and GDP growth, which proves, as the endogenous theory suggests, that investment in human capital is growth enhancing. Accessibility has a significant, negative and small impact on labor productivity only. Density impacts positively labor productivity and GDP growth (in the third law only), which is what the endogenous growth school of thought would predict. The impact of FDI depends on the specification one looks at. While always small, the coefficient is negative on GDP growth but positive on TFP growth 9 . This may reflect the fact that technology spillovers took place in the manufacturing sector but not at the aggregate level, and confirm the changes in the sign of the coefficient associated to the initial technology gap. This may be due to the fact that manufacturing receives a larger share of FDI than any other sector, actually seven times larger than real estate, the second largest sector for FDI (Coughlin and Segev, 1999; NBS, 2005) . When it comes to FDI's impact on GDP growth, as mentioned in section 2 above, Görg and Greenaway (2002) find in their literature review that the outcome is ambiguous. Another explanation often raised in the case of China is the complexity and inflexibility of policies and bureaucratic procedures which impose higher transaction costs on foreign-funded enterprises and thereby limit their effect on GDP (Shiu and Heshmati, 2006; Graham and Wada, 2001 ). According to Graham and Wada (2001) , these barriers to entry are a way to protect the inefficient and vulnerable state-owned enterprises in non-manufacturing sectors. Finally, we note that government expenditures have had a small but negative impact on manufacturing productivity and a positive one of GDP growth (first law). Initial government expenditures did not go to the provinces that performed very well in terms of productivity (except for Xinjiang, Hainan, Tianjin, Beijing, Qinghai). This reflects that government expenditures mainly had a goal of redistribution across provinces, even if some highly productive provinces (those noted above) also received some support for efficiency purposes.
Including spatial dependence
We now estimate the spatial lag version of models (6) to (8) in order to measure the extent to which the economic dynamics of one region depends on the dynamics of its neighbors. As the spatial lag is an endogenous variable, we use the instrumental variable (IV) method, with the explanatory variables and their first-order spatial lags as instruments (Kelejian and Prucha, 1998) . Inference with SHAC is still based on equation (5), but using the total set of instruments and IV residuals instead of the explanatory variables and the OLS residuals. The results are displayed in Table  3 (columns 1, 3, 4 and 5), where the spatial lag is based on the queen matrix.
<<Insert Table 3 here>> 9 We found similar results when we expressed FDI and government expenses in provincial GDP terms.
The spatial lag component is positive and significant only in the first law: GDP growth of one region is spatially dependent on the GDP growth of its neighbors. Compared to the results in Table 2 , we find again that the three laws are confirmed and the associated coefficients are very similar. Coefficient results for the other explanatory variables are very similar to those found in Table 2 . The only notable change is the significant and negative coefficient of density on GDP growth in the first law. This is surprising considering the predictions of the endogenous growth theory and that it keeps its positive impact on GDP growth in the third law. In order to investigate this further, we now consider the endogeneity problem in the first law.
Endogeneity
Traditionally, the first law has been charged of "spuriousness" (Thirlwall, 1983; Wells and Thirlwall, 2003) because manufacturing output is a significant part of the dependent variable (GDP). In the case of China, manufacturing was indeed 53% of the country's GDP in 2005. In order to avoid the possibility of spuriousness, Wells and Thirlwall (2003) recommend two side-tests of Kaldor's first law. While the first test (equation 10) consists in regressing GDP growth on the excess of the growth of manufacturing output over the growth of non-manufacturing output, the second test (equation 11) looks at the relationship between the growth of non-manufacturing output and the growth of manufacturing output. The results, estimated both by OLS-SHAC and IV-SHAC (when the spatial lag is included), appear in Table 4 Table 4 here>> Both equations (10) and (11) confirm the role of manufacturing output growth behind GDP growth. The coefficient of the excess of manufacturing growth over nonmanufacturing growth is positive and significant. We also note the positive (but very small) impact of government expenses on GDP growth while FDI impacts this latter negatively. Both variables impact non-manufacturing output growth in the same way. This confirms previous results on the first law. Finally, we find again a positive impact of the spatial lag coefficient on GDP growth.
We are concerned with two other issues related to endogeneity: first, endogeneity may be present in the second and third laws also. Second, endogeneity needs to be tested for. Therefore, we have dealt with this issue by constructing instruments for m q , m e and nm e using the 3-group method advocated by Kennedy (1992) in the context of measurement errors and used in a spatial context by Fingleton (2003) . For each of these variables, we construct an additional variable that takes values 1,0 and -1 according to whether the values are in the top, middle or bottom third of their ranking, ranging from 1 to 31. We have also constructed the spatial lag of the -1,0,1 variables described above. Using these instruments, we have computed the Hausman tests. It appears that the null hypothesis of exogeneity of m q is rejected for the first law (p-value of 0.001) but that it cannot be rejected at 5% for the second law (p-values of 0.152 and 0.144 depending on the definition of the dependent variable). On the other hand, this test does not reject the null hypothesis of exogeneity of m e and nm e at 5% (p-value of 0.081) in the third law. As a final robustness test, we have therefore re-estimated equation (6) using IV-SHAC by considering that both the spatial lag and m q are endogenous. The results are displayed in column 2 of Table 3 .
The coefficient results on the endogenous factor and the additional explanatory variables are qualitatively similar to the ones obtained previously.
Conclusions
This study validates Kaldor's laws in the regional economies of China. The growth of GDP is indeed positively correlated with manufacturing output growth (the first law) and employment growth in the same sector (the third law). There is also support for the second law, also called Verdoorn's law: the coefficient estimate of 0.2 (for labor productivity growth) or of 0.36 (for TFP growth) is below the 0.5 which is usually found in the literature but is consistently significant. As a result, the strong emphasis on the manufacturing sector has now proven to accelerate the growth of GDP and living standards in regions where this sector is concentrated. Our results also reveal the problem of increasing disparities across regions for two reasons. First, low productivity regions at the initial period do not display any sign of greater than average GDP growth. Second, the results of the Verdoorn's law indicate that increasing returns to scale are significant and thus justify the accumulation process that is taking place in the more advanced regions increases their gap with the rest of the country. Overall, our results indicate it is time for the Chinese authorities to seriously tackle the problem of unequal distribution of activities across regions. Several other studies which are based on the traditional beta-convergence estimation of regional growth also conclude to increasing disparities in China (see Jian et al., 1996; Fujita and Hu, 2001; Wang and Ge, 2004, among others) .
The other explanatory variables we have added to our analysis allow us to draw some important conclusions. First, we find that spatial dependence is significant in the case of the first law, indicating potential regional development policies should not focus on one region in particular but pay attention to interregional linkages. Second, our results confirm that density and human capital are growth enhancing while accessibility acts negatively on labor productivity growth. Third, the coefficients associated with FDI and government expenses vary with the specification one looks at. FDI act negatively on GDP growth but positively on manufacturing productivity growth. It may reflect the fact that technology spillovers took place in the manufacturing sector but not at the aggregate level. This may come from the much larger share of FDI in this sector than in any other sector, or from all the institutional and bureaucratic barriers to entries the local authorities put forward to protect inefficient state-owned enterprises in non-manufacturing sectors. As a result, measures favoring FDI in tertiary activities and removing the barriers above should allow the rest of the economy to benefit from better access to technologies and spillover. When it comes to government expenses, their impact is very small but positive on GDP growth but negative on manufacturing productivity growth which indicates that they were able to support the economy of the central and western provinces which, for redistribution purposes, were the main target. While this is good news from an equality point of view, the Chinese government has made clear that efficiency is its main priority. As such, development efforts will keep taking place in the East where most of the country's growth takes place. We then wonder how many years it will take for the East-West gap to reduce. Because of the presence of increasing returns to scale we have highlighted in this study, we are pessimistic about the possibility of this scenario, more especially because government expenses do influence this outcome but only to a very small extent.
Overall, while some of our results confirm our expectations and some bring new insights, more especially those focusing into the role of FDI, government expenses and spatial spillover effects, we believe our results are more reliable than previous studies because we have used the newly-developed SHAC estimator and have paid attention to both spatial autocorrelation and the endogeneity of our explanatory variables. Note: p-values into brackets. * The results of the first, second and third laws are presented with the case of the initial technology gap based on constant returns to scale. Under the assumption of increasing returns, the only notable change is that, in the first law, the coefficient on initial technology gap is significant and negative. Table 3 -IV-SHAC estimation results; spatial lag models (6), (7) and (8) Similar results are obtained when the initial gap is calculated relatively to the manufacturing labor productivity difference. * The results are presented with the case of the initial technology gap measured under the assumption of constant returns to scale. When measured under the alternative assumption of increasing returns, the only changes are the following ones: in the first and third laws, the technology gap becomes non-significant, whereas density becomes positive and significant in the third law. 
Tables and figures
